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(54) TRANSMITTER ADOPTING PI/4 SHIFT QPSK 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the capacity of a 
memory of the transmitter that adopts the p/4 shift 
QPSK, calculates a waveform of data after passing 
through a Nyquist filter in advance and stores it in the 
memory. 

SOLUTION: Assignment of data with respect to a symbol 
is conducted similarly to the case with a symbol of the 4- 
phase QPSK, and a mapping circuit 32 provides an output 
of position information of any of four symbols. The 
position information of transited symbols is latched in shift 
registers 6A, 6B and waveform data (I and Q components) 
in response to the information are read from ROMs 7A, 
7B. The communication by the p/4 QPSK is conducted by 
increasing/decreasing the frequency of a carrier 
modulated by the I and Q components by fs/8 (fs is a 
symbol rate) with respect to a frequency fc of the carrier 
at demodulation. Since number of symbols used by the 
transmitter is 4, no many addresses of the ROMs are 
required and the required memory capacity is reduced. 
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CLAIMS 



[Claim(s)] 

[Claim 1] While being located in the equal distance from a coordinate core on a Gauss-Argand 
plane and defining four symbols whose mutual phase contrast of an adjacent symbol is pi/2 Divide 
at a time 2 bits of binary-ized signal trains which are data which should be transmitted, and four 
kinds of data decided by these 2 bits are assigned to said four symbols, respectively. The signal- 
processing section which outputs the positional information of the symbol corresponding to the 2- 
bit data concerned as a digital signal, The shift register memorized while the array of the positional 
information of the symbol which the positional information of the symbol from this signal- 
processing section is incorporated one by one, and is observing to predetermined timing, and the 
symbol before and behind that shifts, While the in-phase component and orthogonal component of 
a data point by which it was beforehand calculated after letting the filter of a predetermined 
property in case a symbol changes pass match with transition of a symbol and are stored The 
digital signal corresponding to the array of the positional information of the symbol memorized by 
the shift register concerned outputted from said shift register is made into the address. If fc and 
SHIMBORURE-TO are set to fs, the frequency of the memory from which the in-phase 
component and orthogonal component of said data point are read, and the subcarrier for a 
recovery The subcarrier output section which a frequency is fc**fs/8 and outputs the 1st and 2nd 
subcarriers from which pi/2 phase is shifted mutually, The 1st and the 2nd amplitude modulation 
section which carry out amplitude modulation of said 1st and 2nd subcarriers, respectively with 
the analog signal according to the in-phase component and orthogonal component which are read 
from said memory, The sending set of pi / 4 shift QPSK characterized by having the synthetic 
section which compounds the modulation output from these [ 1st ] and the 2nd amplitude 
modulation section, and outputs a synthetic wave. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] In the sending set of pi / 4 shift QPSK, this invention calculates 
beforehand the data point after letting a filter in case a symbol changes (for example, Nyquist 
characteristics) pass, stores it in memory, and relates to the technical field which transmits by 
reading the data point according to the array of transition of a symbol from memory. 
[0002] 

[Description of the Prior Art] There is QPSK (Quadrature Phase Shift Keying) as one of the 
modulation techniques in digital mobile communication. Although it is located in the equal distance 
from a coordinate core and this adjoins each other on a Gauss-Argand plane as shown in drawing 
4 , it can take four symbols (signal point) whose mutual phase contrast is pi/2, and is assigning 2 
bit data to each symbol. There is a method which considers as the technique which advanced 
QPSK further 1 step, and is called pi / 4 shift QPSK, and by this method, as shown in drawing 5 , 
whenever it chooses one symbol corresponding to data, only pi/4 is rotated for each symbol on a 
Gauss-Argand plane, and phase contrast between symbols is made into **45 degrees and **135 
degrees. In addition, O mark in drawing 5 and x mark show the symbol before and behind rotation, 
respectively, and show signs that it moves to the symbol to which the following data were assigned 
from the symbol to which (11) was assigned. 

[0003] By the way, in this kind of communication mode, while removing interference between 
symbols, in order to add reservation of occupancy bandwidth, and a limit of contiguity (or degree 
contiguity) leakage power, it is required to use the filter of Nyquist characteristics. And when a low 
power is required like especially PDC (Personal Digital Cellular) and PHS (Personal Handy Phone 
System), or in order to treat high speed data like PHS, when DSP (Digital Signal Processor) is not 
of use for count The wave after letting a nyquist filter pass is calculated beforehand, without using 
DSP. The digital value of the result was memorized to ROM (Read Only Memory), and the method 
which outputs the output of the ROM through a D/A (Digital/Analog) converter one by one is 
adopted. 

[0004] The response wave of data and a nyquist filter and sending-circuit configuration which 
were stored in ROM are explained below. Drawing 6 shows the response wave of a nyquist filter, 
and in order to give explanation intelligible, even if it compounds a wave only within two symbols, it 
shows signs (there is no intersymbol interference) that a symbol does not change. However, since 
it has the response characteristic of infinity length theoretically, in order to add a limit to the 
response time, a nyquist filter must hang a window function and must close count. Since the die 
length of a window has a bad influence on short ** past **, contiguity leakage power, and a symbol 
point, count is closed as past of symbol observed, for example 5 symbol, and a total of 1 1 symbols 
of five subsequent symbols. 

[0005] In the Gauss-Argand plane shown in drawing 7 here, the case where 2 bit data which 
should be transmitted move to E points from a symbol D point is considered. The data which 
should be stored in ROM are the migration locus of the data of E points from D point in drawing 7 , 
and are eight data (interpolation data) corresponding to the wave of minute spacing specifically 
divided by ** mark between D point and E points. Before this migration locus is not decided only 



by D point and E points and passes along D point, it changes by whether the symbol of ****** 
was passed, and which symbol is passed after passing along E points. Although the example of 
drawing shows the case of migration of A point ->D point ->E point ->H point, if the symbol in 
front of [ of D point ] one is except an A point, for example, a migration locus will also change. 
[0006] Therefore, D point -> theoretically, although the response wave of the migration locus to E 
points, i.e., a nyquist filter, cannot be expressed that all the symbols of the past and the future are 
not taken into consideration, it adds a limit to the response time like previous statement in fact, 
and is giving it to ROM rather than E points by using the response wave corresponding to a total 
of 1 1 symbols in front of 5 symbols and after 5 symbols as data. The interpolation data between D 
point and E points correspond to the data point of the minute section divided by ** mark on a 
synthetic wave in drawing 6 . 

[0007] If the relation between passage of the symbol of data which should transmit, and read-out 
of the data in ROM (wave-like locus data) is shown in drawing 8 , this example shows the situation 
of read-out of the wave-like locus data of ROM in the case of the data which should be 
transmitted moving with B->C->G->A->D->E->H->B->E->F->G, and moving to D->E located in 
the center of that transition. One in drawing 8 is a shift register, and a corresponding symbol (if it 
says correctly positional information of a symbol) is sent one by one with migration between 
symbols. The number of the symbols on a par with this shift register 1 is 1 1, and the address when 
reading the wave-like locus data at the time of migration to E points from the inside of ROM2 is 
equivalent to the combination of the symbol on a par with a shift register 1 from D point currently 
noted in migration of the above-mentioned symbol. 

[0008] Although the transmissions itself are four values in 1 / 4pi shift QPSK, since arrangement 
of a symbol is eight phases seemingly, the number of bits for pinpointing the location of a symbol 
is the triplet need, therefore the number of bits of the address is set to x(number on a par with 
shift register 1) (number of bits which pinpoints location of symbol) =1 1x3. While the list of the 
symbol which the following symbol was incorporated and was memorized to predetermined timing 
until now moves to a shift register 1 The symbol in front of the oldest symbol, i.e., 4 symbols of E 
points, is extruded, and it disappears. In this way, it becomes the appearance by which the limit 
was added to the response time of a nyquist filter, and the wave-like locus data applied to 
migration to E points from D point currently noted in the time list of 1 1 symbols will be read from 
ROM in this example. The wave-like locus data in ROM which starts migration to E points from 
this D point are interpolation data of previous statement between D point on a response wave, and 
E points. 

[0009] If the situation of storing of the data in ROM is shown in drawing 9 , according to the 
address which is the contents of the shift register, the data which specify the migration locus 
corresponding to migration of the symbol to observe, for example, eight interpolation data, are 
stored. That is, if an exaggerated sampling is performed 8 times in this case and the address is 
outputted from a shift register, while eight data corresponding to this address will be read one by 
one by the exaggerated sampling clock, and will be sent to a D/A converter like the after- 
mentioned and the positional information of the following symbol will go into a shift register after 8 
clocks, the positional information of the symbol in front of 5 symbols of the symbol currently 
observed is extruded, and it disappears. The interpolation data in ROM are the in-phase 
component (I component) and orthogonal component (Q component) which specify a wave in fact. 
[0010] When the whole sending-circuit configuration using such a ROM filter is shown in drawing 
1_0 , 3 is a serial/parallel-conversion machine for dividing into 2 bits at a time the serial signal 
(binary-ized signal train after quantization) according to the data, for example, the sound signal, 
which should be transmitted, and outputting the 2-bit parallel signal. It assigns whether 3 is 
equivalent to which symbol of the symbols which are differential mapping circuits and said 2-bit 
parallel signal shows to drawin g 5 . In pi / 4 shift QPSK, since arrangement of a symbol is eight 
phases seemingly like previous statement, the positional information which pinpoints the location 
of a symbol is sent to the 1st and 2nd shift registers 1A and 1B from the differential mapping 
circuit 31 as symbol data of a triplet. 

[0011] In shift registers 1A and 1B, as already explained, the positional information of a symbol is 



incorporated one by one to predetermined timing, for example, the bit signal corresponding to a list 
and its list in 11 symbols is outputted to 1st and 2nd ROM2A and 2B as the address. From these 
ROM2A and 2B, I component and Q component of a data point corresponding to transition of the 
symbol to observe are outputted, I component is sent to 1st amplitude modulator 5A through 1st 
D/A-converter41A and 1st low pass filter (LPF) 42A, and Q component is sent to 2nd amplitude 
modulator 5B through 2nd D/A-converter41B and 2nd low pass filter 42B. 

[0012] The subcarrier from an oscillator 51 which operates based on the clock outputted from the 
clock generation machine 50 on the other hand is inputted into 1st amplitude modulator 5A as it is, 
and amplitude modulation is carried out by I component from low pass filter 42A. Moreover, the 
phase shift of said subcarrier is carried out only pi/2 with pi/2 phase shifter 52, it is inputted into 
2nd amplitude modulator 5B, and amplitude modulation is carried out by Q component from low 
pass filter 42B. The output of amplitude modulators 5A and 5B is compounded in the synthetic 
circuit 53, and is transmitted from the antenna which the synthetic wave does not illustrate. 
[0013] 

[Problem(s) to be Solved by the Invention] By the way, since the positional information of a 
symbol is a triplet when it is 1 1 symbols like previous statement of the die length of the window to 
the response wave of a nyquist filter, ROM according to the address which is 1 1x3=33 bit is 
needed, the storage capacity of ROM becomes huge, equipment is enlarged, and cost also has the 
problem of being high. 

[0014] This invention aims at lessening memory space in the sending set which calculates the 
wave after letting a nyquist filter pass beforehand using pi / 4 shift QPSK, and stores the result in 
memory. 
[0015] 

[Means for Solving the Problem] While this invention defines four symbols whose mutual phase 
contrast of the symbol which is located in the equal distance and adjoins it is pi/2 from a 
coordinate core on a Gauss-Argand plane in the sending set of pi / 4 shift QPSK Divide at a time 
2 bits of binary-ized signal trains which are data which should be transmitted, and four kinds of 
data decided by these 2 bits are assigned to said four symbols, respectively. The signal-processing 
section which outputs the positional information of the symbol corresponding to the 2-bit data 
concerned as a digital signal, The shift register memorized while the array of the positional 
information of the symbol which the positional information of the symbol from this signal- 
processing section is incorporated one by one, and is observing to predetermined timing, and the 
symbol before and behind that shifts, While the in-phase component and orthogonal component of 
a data point by which it was beforehand calculated after letting the filter of a predetermined 
property in case a symbol changes pass match with transition of a symbol and are stored The 
digital signal corresponding to the array of the positional information of the symbol memorized by 
the shift register concerned outputted from said shift register is made into the address. If fc and 
SHIMBORURE-TO are set to fs, the frequency of the memory from which the in-phase 
component and orthogonal component of said data point are read, and the subcarrier for a 
recovery The subcarrier output section which a frequency is fc**fs/8 and outputs the 1st and 2nd 
subcarriers from which pi/2 phase is shifted mutually, The 1st and the 2nd amplitude modulation 
section which carry out amplitude modulation of said 1st and 2nd subcarriers, respectively with 
the analog signal according to the in-phase component and orthogonal component which are read 
from said memory, It is characterized by having the synthetic section which compounds the 
modulation output from these [ 1st ] and the 2nd amplitude modulation section, and outputs a 
synthetic wave. 

[0016] The array of the positional information of the symbol which is memorized by the shift 
register here and which is observed and the symbol before and behind that is the semantics of the 
list of transition of the positional information of a symbol including the future symbol after passing 
the past symbol and past Symbol P which will have changed by the time it results in this symbol, 
when it is going to output the wave corresponding to a certain symbol P. 
[0017] 

[Embodiment of the Invention] Before explaining the configuration of the sending set of the gestalt 



of operation of this invention, drawin g 1 is used and explained about the outline of the gestalt of 
this operation. The phase of what eight symbols (signal point) shown by A1 - A4 t and B1 - B4 in a 
Gauss-Argand plane adjoin has shifted by a unit of 45 degrees, and if it is conventional pi / 4 shift 
QPSK, the group of A1 - A4 and the group of B1 - B4 will be set as the object of the data 
assignment (mapping) to alternation to the timing according to a symbol rate. 
[0018] The gestalt of this operation realizes the communication mode of pi / 4 shift QPSK, using 
only the positional information of four symbols which use the place which needed eight positional 
information with the 4 phase QPSK, since pi / 4 shift QPSK needs eight symbols seemingly, by 
this, is going to reduce the number of the addresses of ROM and is going to suppress increase of 
memory space. 

[0019] Although the symbol corresponding to data if it is conventional pi / 4 shift QPSK when data 
change to (1 1) from (10) now, supposing the subcarrier is turning counterclockwise in drawing 1 
changes to B-2 from A4, it is made to change to A1 seemingly from A4 in this example, i.e., data 
(11) are mapped as A1 and the positional information of A1 is outputted to a shift register. 
However, the way things stand, since it is the same as the conventional 4 phase QPSK, a 
subcarrier is brought forward only for pi / 4 minutes. It is the semantics of bringing forward to the 
subcarrier when getting over bringing a subcarrier forward with a receiving set, and if the 
frequency of the subcarrier at the time of a recovery is set to fc and a symbol rate is set to fs, 
the carrier frequency used with a sending set will serve as a value (fc+fs/8) which added fs/8 to 
fc. 

[0020] Since transition to A1 from A4 requires only the time amount (1/fs) of transition for one 
symbol, it becomes the same as having changed to B-2 from A4 and the communication link 
having been performed by bringing fc forward like **** according to this time amount. The data 
point corresponding to transition of this symbol stored in ROM is interpolation data between A1 
and A4. 

[0021] Although this example explains as that by which data move in the counterclockwise 
direction in the Gauss-Argand plane, it becomes the same as in the case of right-handed rotation, 
having assigned A1 to the degree of A4, having changed to B1 from A4 by delaying a subcarrier 
only for pi / 4 minutes, and the communication link having been performed. That is, the frequency 
of the subcarrier used with a sending set in this case is set to fc-fs/8. Thus, this invention assigns 
a symbol like the 4 phase QPSK, and the description is in the point that only fs/8 shifted carrier 
frequency to fc. 

[0022] Next, it explains, referring to drawin g 2 about the circuitry for realizing such technique. The 
same sign is shown about the same part as drawin g 10 . The serial signal according to the data 
which should be transmitted is changed into a 2-bit parallel signal by the serial/parallel-conversion 
machine 3, and the positional information of a symbol is outputted from the mapping circuit 32 
according to this parallel signal. Since mapping (assign a parallel signal to a symbol and output the 
positional information) performed here is the same as that of the 4 phase QPSK, differential 
mapping which was being performed in pi / 4 shift QPSK is omitted. 

[0023] Although the positional information of the assigned symbol is outputted from the mapping 
circuit 32, since the number of symbols is four, this positional information is a signal which is 2 
bits, and the positional information of 1 1 symbols which contain every five symbols before and 
after the symbol (symbol to observe) which this 2-bit positional information is incorporated one by 
one by the 1st and 2nd shift registers 6A and 6B, for example, is going to transmit is memorized. 
[0024] In 1st and 2nd ROM7A and 7B, the response data point of the nyquist filter corresponding 
to transition of 1 1 symbols which contain every five symbols approximately [ the ] is stored about 
the symbol which is going to transmit as the term of the conventional technique described. This 
data point is the same as the data in ROM2A which specifies the migration locus of data which 
connects the shift register which it is going to transmit, for example, and the symbol in front of 
one of them and which is eight interpolation data calculated beforehand, for example, and is shown 
' n drawing 9 , and 2B, the data of I component are stored in 1st ROM7A, and the data of Q 
component are stored in 2nd ROM7B, respectively. However, although the number of the address 
lines from shift register 1A (1B) in drawing 10 was 3x1 1, in this example, since the positional 



information of a symbol is specified by 2 bits, the number of the address lines from shift register 
6A (6B) is 2x1 1 , and the number of bits of the address of the data in ROM7A (7B) is set to 2x1 1 . 
[0025] In shift registers 6A and 6B, while the positional information of the newest symbol is 
incorporated with the clock from the clock generation machine 50, the positional information of the 
oldest symbol is thrown away, and I component and Q component of a data point are read from 
ROMs 7A and 7B by making the array of the positional information of 1 1 symbols into the address, 
respectively. Said clock specifies the symbol rate fs and the pulse separation of a clock are 1-/fs 
seconds. If the address is given to ROM7A (7B), eight interpolation data will be read one by one by 
the exaggerated sampling clock, and it will be inputted into amplitude modulator 5A (5B) through 
D/A-converter41A (41 B) and low pass filter 42A (42B). 

[0026] As for the subcarrier outputted from an oscillator 51 on the other hand, only fs/4 are 
brought forward by the phase locked loop (PLL) circuit 54. That is, it considers as the frequency 
of fc+fs/4. In addition, this fc is the carrier frequency of transmission as stated above, and is also 
a frequency when getting over with a receiving set. In the 1st and 2nd amplitude modulators 5A 
and 5B, they are cos {2pi(fc+fs/8) t} and sin{2pi (the subcarrier of fc+fs/8} is inputted, I component 
and Q component which are outputted from low pass filters 42A and 42B become irregular, 
respectively, and the modulation output is compounded in the synthetic section 53.). In this case, a 
symbol is left-handed rotation in drawing 1 , and by the memory by the side of a receiving set, it 
has shifted the correspondence relation between the position coordinate of a symbol, and the data 
assigned to a symbol so that it may become left-handed rotation. 

[0027] When transition of the symbol of drawing 7 mentioned as an example by the term of the 
conventional technique here is applied to this example, it comes to be shown in drawing 3 . That is, 
when data change with (10) ->(01) ->(1 1) -> (00), as shown in a dotted line, with the conventional 
sending set, it is mapped with A4->B3 ->A2 ->B1, but in this example, the symbol assigned in the 
mapping circuit 32 serves as A4->A2 ->A2 ->A4, as the chain line shows. In a receiving side, the 
data of (10) ->(01) ->(1 1) -> (00) get over by using the receiving set of conventional pi / 4 shift 
QPSK as it is. 

[0028] As mentioned above, according to the gestalt of this operation, the communication link by 
pi / 4 shift QPSK is realizable, since data are moreover transmitted as four symbols, the positional 
information of a symbol becomes 2 bits, and the address incorporated by 1 1 pieces, then ROMs 7A 
and 7B like **** in the number of the symbols memorized to a shift register becomes 11x2 bits. 
Therefore, since the one number of bits of the address becomes fewer compared with the case 
where data are transmitted, as eight symbols, the required memory space to ROMs 7A and 7B 
serves as half. 
[0029] 

[Effect of the Invention] According to this invention, memory space can be lessened in the sending 
set which calculates the wave after letting a nyquist filter pass beforehand using pi / 4 shift 
QPSK, and stores the result in memory. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] By the way, since the positional information of a 
symbol is a triplet when it is 1 1 symbols like previous statement of the die length of the window to 
the response wave of a nyquist filter, ROM according to the address which is 1 1x3=33 bit is 
needed, the storage capacity of ROM becomes huge, equipment is enlarged, and cost also has the 
problem of being high. 

[0014] This invention aims at lessening memory space in the sending set which calculates the 
wave after letting a nyquist filter pass beforehand using pi / 4 shift QPSK, and stores the result in 
memory. 
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MEANS 



[Means for Solving the Problem] While this invention defines four symbols whose mutual phase 
contrast of the symbol which is located in the equal distance and adjoins it is pi/2 from a 
coordinate core on a Gauss-Argand plane in the sending set of pi / 4 shift QPSK Divide at a time 
2 bits of binary-ized signal trains which are data which should be transmitted, and four kinds of 
data decided by these 2 bits are assigned to said four symbols, respectively. The signal-processing 
section which outputs the positional information of the symbol corresponding to the 2-bit data 
concerned as a digital signal, The shift register memorized while the array of the positional 
information of the symbol which the positional information of the symbol from this signal- 
processing section is incorporated one by one, and is observing to predetermined timing, and the 
symbol before and behind that shifts, While the in-phase component and orthogonal component of 
a data point by which it was beforehand calculated after letting the filter of a predetermined 
property in case a symbol changes pass match with transition of a symbol and are stored The 
digital signal corresponding to the array of the positional information of the symbol memorized by 
the shift register concerned outputted from said shift register is made into the address. If fc and 
SHIMBORURE-TO are set to fs, the frequency of the memory from which the in-phase 
component and orthogonal component of said data point are read, and the subcarrier for a 
recovery The subcarrier output section which a frequency is fc**fs/8 and outputs the 1st and 2nd 
subcarriers from which pi/2 phase is shifted mutually, The 1st and the 2nd amplitude modulation 
section which carry out amplitude modulation of said 1st and 2nd subcarriers, respectively with 
the analog signal according to the in-phase component and orthogonal component which are read 
from said memory, It is characterized by having the synthetic section which compounds the 
modulation output from these [ 1st ] and the 2nd amplitude modulation section, and outputs a 
synthetic wave. 

[0016] The array of the positional information of the symbol which is memorized by the shift 
register here and which is observed and the symbol before and behind that is the semantics of the 
list of transition of the positional information of a symbol including the future symbol after passing 
the past symbol and past Symbol P which will have changed by the time it results in this symbol, 
when it is going to output the wave corresponding to a certain symbol P. 
[0017] 

[Embodiment of the Invention] Before explaining the configuration of the sending set of the gestalt 
of operation of this invention, drawing 1 is used and explained about the outline of the gestalt of 
this operation. The phase of what eight symbols (signal point) shown by A1 - A4, and B1 - B4 in a 
Gauss-Argand plane adjoin has shifted by a unit of 45 degrees, and if it is conventional pi / 4 shift 
QPSK, the group of A1 - A4 and the group of B1 - B4 will be set as the object of the data 
assignment (mapping) to alternation to the timing according to a symbol rate. 

[0018] The gestalt of this operation realizes the communication mode of pi / 4 shift QPSK, using 
only the positional information of four symbols which use the place which needed eight positional 
information with the 4 phase QPSK, since pi / 4 shift QPSK needs eight symbols seemingly, by 
this, is going to reduce the number of the addresses of ROM and is going to suppress increase of 
memory space. 

[0019] Although the symbol corresponding to data if it is conventional pi / 4 shift QPSK when data 



change to (1 1) from (10) now, supposing the subcarrier is turning counterclockwise in drawin g 1 
changes to B~2 from A4, it is made to change to A1 seemingly from A4 in this example, i.e., data 
(1 1) are mapped as A1 and the positional information of A1 is outputted to a shift register. 
However, the way things stand, since it is the same as the conventional 4 phase QPSK, a 
subcarrier is brought forward only for pi / 4 minutes. It is the semantics of bringing forward to the 
subcarrier when getting over bringing a subcarrier forward with a receiving set, and if the 
frequency of the subcarrier at the time of a recovery is set to fc and a symbol rate is set to fs, 
the carrier frequency used with a sending set will serve as a value (fc+fs/8) which added fs/8 to 
fc. 

[0020] Since transition to A1 from A4 requires only the time amount (1/fs) of transition for one 
symbol, it becomes the same as having changed to B-2 from A4 and the communication link 
having been performed by bringing fc forward like **** according to this time amount. The data 
point corresponding to transition of this symbol stored in ROM is interpolation data between A1 
and A4. 

[0021] Although this example explains as that by which data move in the counterclockwise 
direction in the Gauss-Argand plane, it becomes the same as in the case of right-handed rotation, 
having assigned A1 to the degree of A4, having changed to B1 from A4 by delaying a subcarrier 
only for pi / 4 minutes, and the communication link having been performed. That is, the frequency 
of the subcarrier used with a sending set in this case is set to fc-fs/8. Thus, this invention assigns 
a symbol like the 4 phase QPSK, and the description is in the point that only fs/8 shifted carrier 
frequency to fc. 

[0022] Next, it explains, referring to drawing 2 about the circuitry for realizing such technique. The 
same sign is shown about the same part as drawing 10 . The serial signal according to the data 
which should be transmitted is changed into a 2-bit parallel signal by the serial/parallel-conversion 
machine 3, and the positional information of a symbol is outputted from the mapping circuit 32 
according to this parallel signal. Since mapping (assign a parallel signal to a symbol and output the 
positional information) performed here is the same as that of the 4 phase QPSK, differential 
mapping which was being performed in pi / 4 shift QPSK is omitted. 

[0023] Although the positional information of the assigned symbol is outputted from the mapping 
circuit 32, since the number of symbols is four, this positional information is a signal which is 2 
bits, and the positional information of 1 1 symbols which contain every five symbols before and 
after the symbol (symbol to observe) which this 2-bit positional information is incorporated one by 
one by the 1st and 2nd shift registers 6A and 6B, for example, is going to transmit is memorized. 
[0024] In 1st and 2nd ROM7A and 7B, the response data point of the nyquist filter corresponding 
to transition of 1 1 symbols which contain every five symbols approximately [ the ] is stored about 
the symbol which is going to transmit as the term of the conventional technique described. This 
data point is the same as the data in ROM2A which specifies the migration locus of data which 
connects the shift register which it is going to transmit, for example, and the symbol in front of 
one of them and which is eight interpolation data calculated beforehand, for example, and is shown 
in drawing 9 , and 2B, the data of I component are stored in 1st ROM7A, and the data of Q 
component are stored in 2nd ROM7B, respectively. However, although the number of the address 
lines from shift register 1A (1B) in drawing 10 was 3x1 1, in this example, since the positional 
information of a symbol is specified by 2 bits, the number of the address lines from shift register 
6A (6B) is 2x11, and the number of bits of the address of the data in ROM7A (7B) is set to 2x11. 
[0025] In shift registers 6A and 6B, while the positional information of the newest symbol is 
incorporated with the clock from the clock generation machine 50, the positional information of the 
oldest symbol is thrown away, and I component and Q component of a data point are read from 
ROMs 7A and 7B by making the array of the positional information of 1 1 symbols into the address, 
respectively. Said clock specifies the symbol rate fs and the pulse separation of a clock are 1-/fs 
seconds. If the address is given to ROM7A (7B), eight interpolation data will be read one by one by 
the exaggerated sampling clock, and it will be inputted into amplitude modulator 5A (5B) through 
D/A-converter41A (41 B) and low pass filter 42A (42B). 

[0026] As for the subcarrier outputted from an oscillator 51 on the other hand, only fs/4 are 



brought forward by the phase locked loop (PLL) circuit 54. That is, it considers as the frequency 
of fc+fs/4. In addition, this fc is the carrier frequency of transmission as stated above, and is also 
a frequency when getting over with a receiving set. In the 1st and 2nd amplitude modulators 5A 
and 5B, they are cos {2pi(fc+fs/8) t} and sin{2pi (the subcarrier of fc+fs/8} is inputted, I component 
and Q component which are outputted from low pass filters 42A and 42B become irregular, 
respectively, and the modulation output is compounded in the synthetic section 53.). In this case, a 
symbol is left-handed rotation in drawing 1 , and by the memory by the side of a receiving set, it 
has shifted the correspondence relation between the position coordinate of a symbol, and the data 
assigned to a symbol so that it may become left-handed rotation. 

[0027] When transition of the symbol of drawing 7 mentioned as an example by the term of the 
conventional technique here is applied to this example, it comes to be shown in db^vying^ . That is, 
when data change with (10) ->(01) ->(1 1) -> (00), as shown in a dotted line, with the conventional 
sending set, it is mapped with A4->B3 ->A2 ->B1, but in this example, the symbol assigned in the 
mapping circuit 32 serves as A4->A2 ->A2 ->A4, as the chain line shows. In a receiving side, the 
data of (10) ->(01) ->(1 1) -> (00) get over by using the receiving set of conventional pi / 4 shift 
QPSK as it is. 

[0028] As mentioned above, according to the gestalt of this operation, the communication link by 
pi / 4 shift QPSK is realizable, since data are moreover transmitted as four symbols, the positional 
information of a symbol becomes 2 bits, and the address incorporated by 1 1 pieces, then ROMs 7A 
and 7B like **** in the number of the symbols memorized to a shift register becomes 11x2 bits. 
Therefore, since the one number of bits of the address becomes fewer compared with the case 
where data are transmitted, as eight symbols, the required memory space to ROMs 7A and 7B 
serves as half. 



[Translation done.] 
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